In 1937 Butler (1) reported two cases of hypertension associated with unilateral kidney disease in which the hypertension was apparently abolished by the removal of the affected kidney. Since that time, there have been numerous reports (2 to 6) concerning the blood pressure changes occurring after the extirpation of a single diseased kidney in hypertensive patients. Although marked reductions in blood pressure have been reported following this type of operation, it appears that in the majority of cases the blood pressure of these patients had not returned to a normotensive level after the extirpation of the affected kidney. Indeed, Schroeder and Fish (6) in an analysis of previously published reports and a study of their own patients came to the conclusion that the efficacy of this particular surgical measure was very limited. Wilson and Byrom (7) and Friedman, Jarman and Klemperer (8) also reported that in their experimental animals the resulting hypertension from unilateral kidney derangement did not entirely disappear when the affected kidney was removed. These observers were inclined to believe that the persistence of the hypertension in their animals was related to the organic changes in the arterioles of the remaining kidney, which occurred during the prior existence of hypertension.
Since the hypertension present in individuals with unilateral kidney disease has been assumed to be due initially to this deranged kidney, it was thought advisable to study the renal hemodynamics in such hypertensive patients, both before and after the removal of the diseased kidney. In this communication, the results of such a study, together with the blood pressure changes following unilateral nephrectomy, are reported.
METHODS
Each of the five patients studied received a thorough physical and laboratory examination, and the diagnosis of unilateral kidney disease was definitively established by intravenous and retrograde urography.
The effective renal blood flow and the rate of glomerular filtration were determined by the diodrast' and inulin clearances, respectively. The same procedures as described in a previous report (9) were followed. A blood pressure reading was obtained at the beginning and at the end of clearance determinations and the pressure values recorded in Table I Course. The patient was operated upon March 11, 1941 , and an atrophic kidney was removed. Immediately following the operation, the blood pressure fell from 208/140 to 120/70, but at the end of one week the pressure rose to 160/90. In the succeeding months it has ranged from 130/80 to 160/100. When last examined on July 26, 1941, the blood pressure was 160/110.
Pathological study of removed kidney. The kidney weighed 40 grams. The cortex was markedly distorted by old areas of scarring in which obliterated tubules, arteries and glomeruli could still be identified. Throughout the medulla and the cortex, small collections of plasma cells and lymphocytes were seen. The smaller arteries and arterioles were seen to be the seat of marked arteriosclerosis, consisting chiefly of subintimal hyalinization with partial obliteration of the vessel lumen.
Case 4. C. B., female, age 34 years. History. Patient was operated upon in August, 1939, at which time a calculus was removed from the pelvis of the left kidney. At that time she had a normal blood pressure, but when examined again in January, 1940, it was observed that her blood pressure was 210/130. Since that time the pressure has remained consistently elevated.
Positive findings on examination. The blood pressure before operation ranged from 170/95 to 220/110. The retinal arteries were attenuated with moderate A-V impression. Intravenous and retrograde urography revealed a normal right kidney, but the upper calyces of the left kidney appeared dilated. Catheterized urine specimens from the separate kidneys revealed no microscopic or chemical abnormalities.
Course The total effective renal blood flow (both kidneys) was found to vary considerably in the five patients studied (Table I-A) . Thus, in Cases 1, 2, 3 and 5 there was a diminution in the effective renal blood flow, the values being, respectively, 720, 522, 665 and 675 cc. per minute, whereas in Case 4, the flow was 1073 cc. per minute, a value within the normal limits. In general, it appeared that the diminution in the flow was related to the severity of the hypertension (10) rather than to the specific pathology of the kidney. The renal blood flow determinations of the separate kidneys in three of the five patients (Table I-B) indicated that the blood flow in the apparently normal kidney was greater than in the diseased kidney.
The total inulin clearance (both kidneys) also was found to vary markedly (Table I-A) . Thus, B. The renal clearance determinations after unilateral nephrectomy It is apparent from Table I-A that, in the four patients studied immediately after nephrectomy (13 to 19 days) and while they were still hospitalized, there was a reduction in blood pressure. It was significantly reduced in three cases (Cases 2, 3, 4) and the range of pressure was slightly reduced in the fourth case (Case 5). However, it should be emphasized that all were potentially or actually hypertensive. In the succeeding weeks and months little change could be detected in the pressure values of these four patients. The remaining Case (Case 1), when followed later, showed no significant reduction in his pressure as compared to the pre-operative level. Thus, in this series, although four of the five patients had a reduction in blood pressure after operation, only in three cases was it marked. Finally, none had a normal blood pressure when last examined, although Cases 2 and 4 were observed at times to have had a normal blood pressure.
The renal blood flow was studied in four of the five patients (Table I-A) after operation (13 to  19 
days). It is of interest that, in those cases
showing marked reduction in hypertension,. the renal blood flow remained essentially the same or increased. Thus in Cases 2, 3 and 4, the renal blood flow was, respectively, 522, 665 and 1073 cc. per minute before and 590, 1040 and 1040 cc. per minute after the extirpation of the diteased kidney. However, in Case 5, the renal blood flow was 675 cc. per minute before, and 381 cc. per minute after operation. In this latter case, there was also little reduction in the blood pressure. When the blood flow determinations were repeated later (56 to 135 days) in these same four patients, it was found that comparatively little change had occurred in any of them (Table I-A) . The remaining case (Case 1), when examined, had a renal blood flow of 965 cc. per minute, representing an increase over the pre-nephrectomy value of 720 cc. per minute. The observation that the renal blood flow in one remaining kidney equalled or exceeded the flow of both kidneys before nephrectomy in four out of five of these cases suggests that the remaining kidney, after nephrectomy, increased its flow. The pre-nephrectomy determinations of the flow of single normal kidneys in Cases 1, 4 and 5 (Table I- Table I-B indicates that the remaining kidney actually had increased its ability to excrete inulin.
The maintenance of a relatively unchanged or increased renal blood flow and a diminution in the inulin clearance in Cases 2, 3 and 4 immediately after nephrectomy (13 to 19 days) effected a reduction in the filtration fraction. In Cases 2 and 3, the reduction was quite marked (Table I-A) , but in Case 4, because of the relatively small change in the inulin clearance, there was only a decrease of 4 per cent in the filtration fraction. In Case 5, where not only the inulin clearance but also the renal blood flow decreased after operation, there was also a decrease of 4 per cent in the filtration fraction. On re-examination later (56 to 135 days), however, the filtration fraction was observed to have increased in Cases 2, 3, 4 and 5. In the remaining case (Case 1), the filtration fraction was 20.9 per cent, a value slightly lower than the one found before nephrectomy.
DISCUSSION
In a previous study of hypertensive patients without unilateral kidney disease (10), it was found that there was usually, but not always, a reduction in renal blood flow, a relatively normal glomerular filtration rate and a high filtration fraction. In the present series, the renal blood flow also was reduced in four of the five patients, but the inulin clearance was reduced in two, with a concomitantly lower filtration fraction. Because of this variability it is apparent that the diodrast and inulin clearance tests will not afford a positive clue as to the presence or absence of unilateral kidney disease, unless the kidneys are evaluated separately. If the latter is done, there will probably be a diminution in the diodrast and inulin clearances in the diseased kidney as compared to the clearances obtained from the opposite kidney.
The removal of the diseased kidney in the five patients studied resulted in an increase in the blood flow and in the glomerular filtration rate of the remaining kidney in each of the five cases, despite the fact that several types of kidney lesions were present in this series of patients.
Although the nephrectomy was followed by unquestioned reduction of the blood pressure in three of the five cases, there was slight or no improvement in the remaining two. Also, varying degrees of hypertension remained in all five patients.
Despite the fact that there was no ischemia of the remaining kidhey following nephrectomy in three of the five patients, hypertension was found to be present in all of them. The presence of hypertension without renal ischemia in these patients, and the occasional demonstration of a similar state of affairs in the hypertensive patient without unilateral kidney disease (10) , are suggestive evidence that renal ischemia may be a concomitant, but not' necessarily a causative factor in the pathogenesis of human hypertension. The production of experimental renal hypertension in dogs (11) without the initial or later occurrence of renal ischemia further strengthens this view. CONCLUSIONS 1. The total diodrast clearance was found to be reduced in four out of five patients having unilateral kidney disease with hypertension. It was more reduced in the affected kidney than in the normal one. The total inulin clearance was diminished in two, and normal in the remaining three patients.
2. The removal of the diseased kidney was followed by an increase in the renal blood flow and in the glomerular filtration rate of the remaining kidney in all five patients.
3. There was a significant blood pressure reduction in three of the five patients, but in none was there a complete return of the blood pressure to normal when last examined, despite the fact that in three of these patients there was no ischemia of the remaining kidney.
